Modifications to the cavopulmonary anastomosis do not eliminate early sinus node dysfunction  by Cohen, Mitchell I. et al.
T he anastomosis between the superior vena cava(SVC) and the pulmonary artery is a frequently used
intermediate step in the surgical staging of patients with
congenital heart defects unsuitable for a biventricular
repair.1-4 The addition of an intermediate cavopul-
monary connection has been shown to reduce the vol-
ume load on the single ventricle and decrease overall
mortality.4-7 There are two choices of second-stage pro-
cedures, the hemi-Fontan operation and the bidirection-
al Glenn shunt. Although the hemi-Fontan procedure
facilitates completion of the lateral tunnel, there is con-
cern that the sinus node artery, which courses in the
superior cavoatrial junction, is susceptible to injury
with this procedure. Sinus node dysfunction has been
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reported in 20% to 25% of patients early after the
Fontan operation and is a predictor of late sinus node
dysfunction.8,9
Sinus node dysfunction may decrease cardiac output
either by limiting heart rate in patients with a relatively
fixed stroke volume or by decreasing diastolic ventric-
ular filling as a result of junctional rhythm and loss of
atrioventricular synchrony. Some investigators have
speculated that alternative approaches such as the bidi-
rectional Glenn and extracardiac conduit Fontan, which
minimize cavoatrial incisions, may reduce the inci-
dence of sinus node dysfunction.9-11 Because sinus
node dysfunction increases with time from the Fontan
operation,9 previous studies evaluating surgical modifi-
cations have been limited by comparing procedures
from different time periods, with varying lengths of fol-
low-up, and different noninvasive techniques for
assessing sinus node function.8 There are currently no
studies that have prospectively compared modifications
to the cavopulmonary anastomosis with respect to sinus
node dysfunction. 
The objective of this study was to determine whether
operations that theoretically jeopardize the sinus node
or its blood supply (specifically, the hemi-Fontan
and/or lateral tunnel Fontan procedures) are associated
with a greater risk of sinus node dysfunction than those
that theoretically spare the blood supply to the sinus
node artery (specifically, the bidirectional Glenn shunt
and/or extracardiac conduit Fontan operations).
Methods
Patients. A prospective cohort study was performed
between January 1, 1996, and December 31, 1999, evaluating
the early incidence of sinus node dysfunction in all patients
undergoing an initial superior cavopulmonary anastomosis
with or without a subsequent modified Fontan procedure. All
procedures were performed at The Children’s Hospital of
Philadelphia. Our general approach has been to perform a
systematically staged fenestrated Fontan operation in all
patients with single ventricle physiology regardless of preop-
erative risk factors. The decision of which cavopulmonary
anastomosis and subsequent Fontan operation to perform was
at the surgeon’s discretion without randomization. Patients
who underwent an initial hemi-Fontan or bidirectional Glenn
shunt at an outside institution (n = 3), a patient with sinus
node dysfunction before the superior cavopulmonary anasto-
mosis (n = 1), and patients who underwent a nonstaged
Fontan procedure during this period (n = 9) were excluded
from the study. 
To determine the early incidence of sinus node dysfunction,
we obtained a resting electrocardiogram (ECG) before each
surgical stage, on the first postoperative day, and again at hos-
pital discharge. Ambulatory 24-hour monitoring was per-
formed within 7 days before each of the surgical stages and
then again at hospital discharge. If a Holter monitor was not
available, the resting ECG served as the principal assessment
of sinus node function. To determine possible predictors of
sinus node dysfunction, we performed a univariate analysis
on a variety of patient, procedural, and time-related variables
(Tables I to III). 
Operative techniques. During the hemi-Fontan procedure,
an incision is made in the superior-anterior aspect of the right
atrium and carried medially across the cavoatrial junction
onto the SVC. Another longitudinal incision is made in the
anterior aspect of the pulmonary arteries to open the pul-
monary bifurcation widely. The right pulmonary artery is
then anastomosed in a side-to-side fashion to the posterior lip
of the opened SVC. A pulmonary artery homograft patch is
tailored to create a “dam” separating the pulmonary arteries
and venae cavae from the right atrium.12
The lateral tunnel Fontan operation consists of a longitudi-
nal right atriotomy incision and excision of the homograft
“dam” between the SVC and the right atrium. A 10-mm poly-
tetrafluoroethylene (PTFE) graft* is cut and used as a baffle
to create a lateral tunnel connecting the inferior vena cava
(IVC) along the right lateral wall of the atrium to the SVC
entrance into the pulmonary artery. The anterior suture line is
used to close the right atriotomy incision. 
An alternative superior cavopulmonary connection in-
volves the creation of a bidirectional Glenn shunt. In the bidi-
rectional Glenn shunt, an incision is made in the anterior
aspect of the pulmonary artery and extended onto the right
main pulmonary artery and onto the left pulmonary artery
posterior to the aorta. The SVC is transected about 1 cm
above the junction of the right atrium, and the cardiac end is
oversewn. The cephalic end of the SVC is opened anteriorly
and the posterior aspect is sutured to the right pulmonary
artery. A homograft patch is tailored to the appropriate size
and used to augment the anastomosis from the right pul-
monary artery to the pulmonary artery confluence when
branch pulmonary artery stenosis is present.
The extracardiac conduit involves separating the IVC from
the right atrium and anastomosing an appropriately sized
PTFE graft in an end-to-end fashion with the IVC. The con-
duit is then anastomosed to the underside of the pulmonary
arteries, and a homograft patch is used to augment the anas-
tomosis as necessary.
A fenestration was generally created by one of three tech-
niques: (1) single 4-mm punch in the lateral tunnel, (2) sin-
gle 4.8-mm side-to-side fenestration between the right atri-
um and the extracardiac conduit, or (3) use of a small tube
graft between the systemic venous pathway and pulmonary
venous atria. 
Definitions. Sinus node dysfunction was defined according
to previously established criteria9,13,14: (1) minimum or mean
heart rate more than 2 SD below the age-adjusted mean, (2)
predominant junctional rhythm, and/or (3) sinus pause of 3
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*Gore-Tex graft; registered trade name of W. L. Gore & Associates,
Inc, Flagstaff, Ariz.
seconds or more in duration. In patients with complete heart
block, sinus node dysfunction was based on an underlying
atrial rate of more than 2 SD below the age-adjusted mean.
The P-wave axis on the ECG obtained before the superior
cavopulmonary anastomosis was defined as the patient’s
intrinsic atrial rhythm. An ectopic atrial rhythm was defined
as a change in the P-wave axis quadrant by 30° or more com-
pared with the baseline ECG before the cavopulmonary oper-
ation. Patients with an ectopic atrial rhythm were categorized
separately from those with sinus node dysfunction. All ECGs
and ambulatory monitors were independently reviewed by
two observers (L.A.R. and M.I.C.). 
Statistical analysis. Values are reported as mean ± 2 SD or
median with ranges shown. The primary outcome variable
was the presence or absence of sinus node dysfunction. On
the basis of a projected incidence of sinus node dysfunction
of 20% (according to a review of the literature),8,9 we calcu-
lated a sample size requirement of at least 38 patients in each
group to demonstrate a relative risk of 2 or more, with an
alpha of 0.05 and a power of 80%. The “exposed” group was
defined as patients undergoing a hemi-Fontan operation, a
lateral tunnel Fontan operation, or both operations. The
“unexposed” or control group was defined as those patients
undergoing a bidirectional Glenn shunt, with or without a
subsequent extracardiac conduit Fontan operation. Relative
risk and confidence intervals are shown. Comparison of con-
tinuous variables between patients with and without sinus
node dysfunction was performed by means of the 2-sample t
test with equal variances. Categoric variables were analyzed
by use of χ2 analysis or the Fisher exact test. 
Results
Study population. A total of 130 patients (87 boys,
43 girls) met inclusion criteria and were followed up
prospectively (Fig 1). A total of 51 patients underwent
a bidirectional Glenn shunt, 30 of whom successfully
underwent an extracardiac conduit Fontan operation.
Among 79 patients who underwent a hemi-Fontan pro-
cedure, 46 went on to have a lateral tunnel Fontan oper-
ation. Mortality after the superior cavopulmonary anas-
tomosis was 2.3% (3 patients). Two patients with an
initial hemi-Fontan operation underwent a subsequent
extracardiac conduit Fontan. These 2 patients were
excluded from the primary analysis. The remaining 48
patients had not undergone a Fontan procedure by the
end of the observation period. 
Cardiac anatomy was classified into 6 groups defined
by previous investigators (Table I).15 Hypoplastic left
heart syndrome was present in 37% of the study cohort
and was not disproportionately represented in any of
the surgical groups. Heterotaxy syndrome comprised
12% of the study group and was more prevalent in the
patients undergoing a bidirectional Glenn shunt (P <
.05). Of the 51 patients having a bidirectional Glenn
shunt, 10 had bilateral SVCs that required a bilateral
bidirectional Glenn procedure. Five patients in the
hemi-Fontan group who had bilateral SVCs underwent
a bidirectional Glenn shunt on the contralateral side of
the hemi-Fontan procedure. One patient in each of the
bidirectional Glenn and hemi-Fontan groups had an
interrupted IVC with azygos continuation. No differ-
ences were detected between the study groups with
regard to the number of palliative procedures per-
formed before the cavopulmonary anastomosis or age
at the time of either surgical stage. 
The extracardiac conduit was fenestrated in 29 (97%)
patients. The lateral tunnel Fontan was fenestrated in
43 patients (93%) with a single 4-mm punch in the
PTFE baffle. The perioperative and operative variables
of the two study groups are shown in Tables II and III.
There were no significant preoperative or perioperative
hemodynamic differences between the patients with a
bidirectional Glenn or hemi-Fontan procedure and
those in whom the Fontan repair was completed with
The Journal of Thoracic and
Cardiovascular Surgery
Volume 120, Number 5
Cohen et al 893
Fig 1. Surgical approach to superior cavopulmonary anastomosis (bidirectional Glenn and hemi-Fontan) and
Fontan (extracardiac conduit and lateral tunnel) procedures between 1996 and 1999. The 2 patients (*) who crossed
over were analyzed separately from the Fontan completion groups. OTHT, Orthotopic heart transplantation. 
either an extracardiac conduit or lateral tunnel Fontan
procedure. Cardiopulmonary bypass times were signif-
icantly (P < .01) longer in patients having a hemi-
Fontan compared with a bidirectional Glenn operation
and in those having an extracardiac conduit compared
with a lateral tunnel Fontan operation. No significant
difference was found in the frequency or duration of
deep hypothermic circulatory arrest between any of the
surgical groups. Twenty-three patients had additional
procedures performed at the time of the intermediate
cavopulmonary anastomosis and 11 patients at the time
of the Fontan operation (Table I). The duration of chest
tube drainage and hospitalization did not differ
between the two groups either at the intermediate
cavopulmonary anastomosis or at the Fontan operation.
The median length of stay after the Fontan operation
was 5 days.
Perioperative rhythm. All patients had a resting
ECG before the operation and on the first postoperative
day after each of the surgical stages. Ambulatory 24-
hour monitors were available in 97 (75%) patients
(41/51 bidirectional Glenn; 56/79 hemi-Fontan; P = not
significant [NS]) before the superior cavopulmonary
anastomosis and on 117 (90%) patients (47 bidirec-
tional Glenn; 70 hemi-Fontan; P = NS) at hospital dis-
charge. Ambulatory 24-hour monitors were available
after the Fontan operation in 71 (93%) patients (27
bidirectional Glenn/extracardiac conduit; 44 hemi-
Fontan/lateral tunnel; P = NS). No differences were
detected between the groups with respect to the number
of Holter monitors used as an assessment of sinus node
dysfunction. 
The incidence of sinus node dysfunction on postoper-
ative day 1 was significantly higher after the hemi-
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Table I.  Demographic data on study cohort (N = 130)
BDG HF BDG/EC HF/LT
Patient related demographic data (n = 51) (n = 79) (n = 30) (n = 46)
Male/female 34/17 53/26 22/8 30/16
Anatomic subtype of single ventricle
Single, LV, NRGA 7 (14%) 6 (8%) 5 (17%) 4 (9%)
Single LV, TGA 5 (10%) 9 (11%) 2 (6%) 6 (13%)
Single RV (not HLHS) 13 (25%) 12 (16%) 7 (24%) 9 (20%)
Heterotaxy 11 (21%) 5 (6%) 5 (17%) 2 (4%)
HLHS 10 (20%) 38 (48%) 10 (33%) 19 (41%)
Other 5 (10%) 9 (11%) 1 (3%) 6 (13%)
Palliative procedures prior to CPA
Stage I palliation* 20 63 14 36
Septectomy† 28 67 17 37
PA band 7 3 1 1
Shunt alone 16 13 9 9
PA plasty & shunt 2 1 1 1
Balloon aortic valvotomy 0 1 0 1
Tricuspid valvuloplasty 0 1 0 1
None 7 4 2 9
Additional procedures at the time of the CPA
Atrial septectomy 3 6 3 4
Damus-Kaye-Stansel 3 0 2 0
MPA oversewn 6 4 2 4
Tricuspid valvuloplasty 0 2 0 1
Neoaortic Reconstruction 1 1 1 1
Pacemaker implantation 0 1 0 0
Additional procedures at the time of the Fontan
MPA oversewn 2 1
Tricuspid valvuloplasty 1 4
Atrial septectomy 1 5
Age at CPA (mo) 7.8 ± 5.1 6.9 ± 2.8 6.8 ± 2.6 7.3 ± 2.6
Age at Fontan (mo) 23.0 ± 5.8 23.9 ± 2.6
BDG, Bidirectional Glenn; HF, hemi-Fontan; EC, extracardiac conduit; LT, lateral tunnel; LV, left ventricle; NRGA, normally related great arteries; TGA, transposi-
tion of the great arteries; RV, right ventricle; HLHS, hypoplastic left heart syndrome; CPA, cavopulmonary anastomosis; PA, pulmonary artery; MPA, main pulmonary
artery.
*Includes Norwood and Damus-Kaye-Stansel procedures for obstructive lesions to systemic blood flow. 
†Includes isolated procedure or as part of complex palliation such as Norwood.
Fontan operation (29 patients, 36%) than after the
bidirectional Glenn shunt (5 patients, 9.8%; relative
risk [RR]: 3.7; confidence interval [CI]: 1.5-8.9) (Fig
2). However, by hospital discharge this difference was
no longer apparent. At hospital discharge, sinus node
dysfunction persisted in only 3 patients (6%) with a
bidirectional Glenn shunt and in 7 (8%) after the hemi-
Fontan operation. Of the 7 patients with sinus node dys-
function after the hemi-Fontan procedure, 1 patient had
sinus bradycardia and the remaining 6 patients were in
a predominant junctional rhythm. All 3 patients with
persistent sinus node dysfunction after the bidirectional
Glenn shunt had junctional rhythm. Ectopic atrial
rhythm was present in 5 patients at hospital discharge
after the cavopulmonary anastomosis (4 in the bidirec-
tional Glenn group and 1 in the hemi-Fontan group).
Temporary atrial pacing for junctional rhythm to aug-
ment cardiac output was used in 3 patients (bidirection-
al Glenn, n = 1; hemi-Fontan, n = 2).
Of the 10 patients who were discharged with sinus
node dysfunction after undergoing intermediate
cavopulmonary connection, 6 are awaiting Fontan
surgery, and 4 have had completion of the Fontan
repair. All 4 of these patients returned for the Fontan
procedure in sinus rhythm without any evidence of
bradycardia or junctional rhythm on their ambulatory
monitors. Three additional patients (1 bidirectional
Glenn group; 2 hemi-Fontan group) who were dis-
charged in sinus rhythm after undergoing the superior
cavopulmonary anastomosis presented for the Fontan
operation with evidence of sinus node dysfunction. Of
these 3 patients, 2 had sinus bradycardia and 1 had
junctional rhythm. 
Sinus node dysfunction was observed in 8 (26%)
patients on the first postoperative day after the extra-
cardiac conduit but remained in only 4 (13%) by hospital
discharge. In contrast, early sinus node dysfunction
was observed in 6 (13%) patients after the lateral tun-
nel Fontan procedure and persisted in 4 patients at
hospital discharge (Fig 3). In 2 additional patients
undergoing the lateral tunnel Fontan operation, sinus
node dysfunction developed between the first
postoperative day and hospital discharge. There was no
significant difference in the incidence of sinus node
dysfunction at discharge after the completion of
either the bidirectional Glenn/extracardiac conduit
(13%) or the hemi-Fontan/lateral tunnel Fontan oper-
ation (13%). Sinus node dysfunction at discharge
after the Fontan operation manifested as junctional
rhythm in 8 patients, junctional bradycardia in 1
patient, and sinus bradycardia in 1 patient. Ectopic
atrial rhythm was present in 6 patients after the
Fontan operation (3 bidirectional Glenn/extracardiac
conduit; 3 hemi-Fontan/lateral tunnel). 
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Table II.  Superior cavopulmonary connection: Preoperative and perioperative hemodynamics
BDG (n = 51) HF (n = 79)
Perioperative
Pre-CPA cardiac catheterization
SVC saturation (%) 53 ± 9 49 ± 9
Aortic oxygen saturation (%) 77 ± 7 75 ± 5
Pulmonary artery pressure (mm Hg) 15 ± 7 13 ± 3
Left atrial pressure (mm Hg) 7 ± 3 7 ± 3
Ventricular end-diastolic pressure (mm Hg) 8 ± 2 7 ± 3
Pulmonary blood flow (Qp) (L · min–1 · m–2) 4.5 ± 2.3 3.7 ± 1.4
Systemic blood flow (Qs) (L · min–1 · m–2) 3.4 ± 1.1 3.1 ± 1.3
Qp/Qs 1.5 ± 1.1 1.2 ± 0.8
Operative
Total support time (min) 76 ± 39 (n = 51) 74 ± 22 (n = 79)
Circulatory arrest time (min) 15 ± 20 (n = 43) 35 ± 13 (n = 79)
Postoperative day 1
Cavopulmonary pressure (mm Hg) 11 ± 2 10 ± 3
Left atrial pressure (mm Hg) 7 ± 3 6 ± 2
Aortic oxygen saturation (%) 78 ± 7 78 ± 6
Duration ventilated (h)* 6 (3-77) 7 (3-312)
Duration chest tube drainage (d)* 1 (1-19) 1 (1-27)
Duration hospitalization (d)* 5 (3-70) 5 (2-28)
Total support time includes cardiopulmonary bypass time and circulatory arrest time. BDG, Bidirectional Glenn; HF, hemi-Fontan; SVC, superior vena cava; CPA,
cavopulmonary anastomosis.
*Median and range data shown.
Among the 130 patients, the overall incidence of
early sinus node dysfunction was 13%. Among those
who had at least one operation that might jeopardize
the sinus node artery, the incidence of sinus node dys-
function was 12.7% (10/79); among those having no
operations thought to jeopardize the sinus node, the
incidence of sinus node dysfunction was 13.7% (7/51).
The relative risk for sinus node dysfunction in the
“exposed” group was 0.92 (CI: 0.38-2.27; P = NS). No
discernible difference was found in the incidence of
sinus node dysfunction among patients having both a
hemi-Fontan and lateral tunnel operation compared
with those having one or neither sinus node–jeopardiz-
ing procedures (RR: 0.99; CI: 0.38-2.5; P = NS). There
were no hemodynamic or perioperative predictors of
sinus node dysfunction. Despite the longer bypass
times in patients having a hemi-Fontan operation, no
effect was observed on the development of sinus node
dysfunction. No difference in the incidence of sinus
node dysfunction was discernible among patients clas-
sified as having heterotaxy syndrome (RR: 1.1; CI:
0.39-2.9; P = NS). 
Epicardial pacemakers were placed in 3 patients in
the study cohort. One patient had a malaligned atri-
oventricular canal, hypoplastic right ventricle, and
small tricuspid valve. A biventricular repair was
attempted in the neonatal period with closure of the
ventricular septal defect. The operation was complicat-
ed by complete heart block necessitating placement of
a ventricular demand pacemaker. On discontinuation of
cardiopulmonary bypass, the patient was hypotensive
and in low cardiac output with evidence of significant
tricuspid stenosis. The ventricular septal defect patch
was taken down and a pulmonary artery band was con-
structed. The child went on to have a hemi-Fontan and
subsequent lateral tunnel Fontan operation. This patient
had normal atrial rates on Holter monitors without
sinus node dysfunction. The second patient had evi-
dence of Mobitz I atrioventricular block and prolonged
pauses after the Norwood operation, prompting place-
ment of a single-chamber ventricular pacemaker. This
patient also had normal atrial rates on ambulatory mon-
itors. At the time of the hemi-Fontan operation, the
pacemaker was upgraded to a dual-chamber (DDD)
epicardial system. The third child had a dual-chamber
pacemaker placed at the time of the lateral tunnel
Fontan operation because of prolonged sinus pauses
noted on a screening ambulatory monitor. This patient
met the criteria for sinus node dysfunction.
Arrhythmias after both the superior cavopulmonary
anastomosis and the Fontan procedure were rare,
although slightly more common after the hemi-Fontan
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Table III.  Fontan procedure: Preoperative and perioperative hemodynamics
BDG/EC (n = 30) HF/LT (n = 46)
Perioperative
Pre-Fontan cardiac catheterization
SVC saturation (%) 57 ± 10 59 ± 8
Aortic oxygen saturation (%) 82 ± 7 83 ± 5
Pulmonary artery pressure (mm Hg) 10 ± 3 11 ± 4
Left atrial pressure (mm Hg) 6 ± 2 6 ± 3
Ventricular end-diastolic pressure (mm Hg) 7 ± 2 7 ± 2
Pulmonary blood flow (Qp) (L · min–1 · m–2) 2.6 ± 1.5 2.3 ± 0.7
Systemic blood flow (Qs) (L · min–1 · m–2) 3.5 ± 0.9 3.5 ± 1.1
Qp/Qs 0.7 ± 0.3 0.7 ± 0.1
Operative
Total support time (min) 103 ± 33 57 ± 8
Circulatory arrest time (min) 23 ± 22 18 ± 8
Postoperative day 1
Cavopulmonary pressure (mm Hg) 12 ± 4 11 ± 3
Left atrial pressure (mm Hg) 8 ± 3 8 ± 3
Aortic oxygen saturation (%) 87 ± 9 87 ± 6
Duration ventilated (h)* 5 (2-340) 5 (3-141)
Duration chest tube drainage (d)* 1 (1-24) 1 (1-14)
Chest tube duration > 7 d (No.) 6 5
Duration hospitalization (d)* 6 (3-56) 5 (3-55)
Total support time includes cardiopulmonary bypass time and circulatory arrest time. BDG, Bidirectional Glenn; HF, hemi-Fontan; EC, extracardiac conduit Fontan;
LT, lateral tunnel Fontan.
*Median and range data shown.
procedure. One patient had nonsustained supraventric-
ular tachycardia after the bidirectional Glenn shunt and
did not require any treatment. Supraventricular tachy-
cardia was noted in 3 patients after the hemi-Fontan
operation and included orthodromic re-entrant tachy-
cardia in 1 patient and ectopic atrial tachycardia in 2
patients. All 3 patients received antiarrhythmic medica-
tion (digoxin in 1; amiodarone in 2) for 6 months with
no subsequent recurrences of tachycardia. Junctional
ectopic tachycardia occurred after the hemi-Fontan
procedure in 2 patients and after the Fontan operation
in 3 patients. All 5 patients were successfully managed
with surface cooling, amiodarone, and temporary atrial
pacing. Two patients had nonsustained supraventricular
tachycardia that did not necessitate any antiarrhythmic
therapy. One patient returned within 30 days of the
extracardiac conduit procedure with atrial flutter and
rapid ventricular conduction. This patient was success-
fully cardioverted to sinus rhythm, treated with amio-
darone, and has remained free of atrial arrhythmias
over the past 2 years. 
Hospital course.  The median length of hospitaliza-
tion after the Fontan operation was 5 days (3-56 days).
Chest tubes were removed in 76% of patients by the
third postoperative day after the Fontan operation.
Only 8 patients had pleural drainage exceeding 1 week
(Table III). No significant difference was observed
between any of the surgical groups with respect to the
duration of chest tube drainage, incidence of pleural
effusions, or hospitalization. After an extracardiac
Fontan procedure, 1 patient was readmitted with a
pericardial effusion on postoperative day 12 and
underwent a pericardiocentesis. Seven patients in the
study cohort were readmitted within the first 30 days.
Five patients were readmitted with effusions after an
extracardiac Fontan operation. Pleural catheters were
placed in 2 of these patients and the other 3 were suc-
cessfully managed with diuretics. Two patients having
the lateral tunnel Fontan operation were readmitted
with pleural effusions and 1 underwent placement of a
chest tube. The 1 patient who died after the Fontan
operation (mortality 1.3%) had innominate vein
thrombosis and cyanosis after the bidirectional Glenn
shunt, and the operation had to be converted to a stage
I Norwood before the Fontan operation. No patients in
this cohort underwent a Fontan takedown procedure or
heart transplantation during the study period.
Discussion
This study revealed a similar incidence (8%) of sinus
node dysfunction at hospital discharge in patients
undergoing either a bidirectional Glenn shunt or a
hemi-Fontan operation. The incidence of sinus node
dysfunction increased to 13% after either an extracar-
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Fig 2. Sinus node function on postoperative day 1 and hospital discharge after the superior cavopulmonary
anastomosis. All 130 patients (51 bidirectional Glenn and 79 hemi-Fontan procedures) were included. There
was a significant difference (P < .01) in the incidence of sinus node dysfunction on the first postoperative day
after the bidirectional Glenn compared with the hemi-Fontan operation. By hospital discharge no discernible
difference in sinus node dysfunction was observed. Black columns, Normal sinus node function; hatched
columns, sinus node dysfunction. NS, Not significant.
diac or lateral tunnel Fontan procedure with no dis-
cernible difference between the two groups. 
Sinus node dysfunction may be particularly trouble-
some in children with Fontan physiology. Cardiac
output may be limited in patients with a relatively
slow heart rate and fixed stroke volume. In addition,
junctional rhythm may reduce cardiac output by not
providing a synchronous atrial contraction before ven-
tricular systole. Finally, sinus node dysfunction may
predispose patients to the development of atrial flut-
ter, a cause of significant morbidity and mortality in
this population.16
Multiple definitions of sinus node dysfunction have
been proposed. Although there is little controversy that
a patient with junctional bradycardia and sinus pauses
exceeding 3 seconds has sinus node dysfunction, it may
be less clear in the patient with a heart rate just slight-
ly below the age-adjusted mean. In addition, previous
retrospective studies evaluating sinus node dysfunction
in this patient population have used ECGs and Holter
monitors only if clinically indicated.8,16 The noninva-
sive assessment of sinus node function is generally con-
sidered to be as reliable as more invasive diagnostic
tools.17,18 Furthermore, because the incidence of sinus
node dysfunction increases with time from surgery, any
comparison of surgical modifications from different
eras must be adjusted for duration of follow-up. In an
attempt to address these multiple variables, this
prospective study compared the early incidence of
sinus node dysfunction between the hemi-Fontan/later-
al tunnel approach and the bidirectional Glenn/extra-
cardiac conduit Fontan with the use of routine ECGs
and ambulatory Holter monitors at each surgical step.
Discharge ambulatory Holter monitors were available
in 93% of the study cohort. We found no discernible
difference among those patients who had at least one
operation that might jeopardize the sinus node (either
hemi-Fontan and/or lateral tunnel Fontan) compared
with those having no operations thought to jeopardize
the sinus node (specifically, the bidirectional Glenn
and/or extracardiac conduit).
Although both the hemi-Fontan and bidirectional
Glenn procedures remove the adverse effects of pro-
longed ventricular volume load and allow time for
resolution of the ventricular hypertrophy before the
Fontan operation, the two surgical techniques are
quite different. As it is performed at our institution,
the bidirectional Glenn shunt consists of transection
of the SVC 5 to 10 mm above the right atrial junction,
anastomosis to the ipsilateral pulmonary artery, and
oversewing of the cardiac end of the SVC. This is dis-
tinctly different from the hemi-Fontan operation, in
which an incision is made in the superior part of the
atrium, near the sinus node, and extended onto the
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Fig 3.  Sinus node function on postoperative day 1 and hospital discharge after the Fontan operation. Data are
shown on 30 patients after the extracardiac Fontan and on 46 patients after the lateral tunnel Fontan operation.
The two patients with an initial hemi-Fontan and subsequent extracardiac conduit were excluded. There was
no discernible difference in the incidence of sinus node dysfunction on the first postoperative day or hospital
discharge between the two staged techniques. Black columns, Normal sinus node function; hatched columns,
sinus node dysfunction. NS, Not significant.
medial aspect of the SVC. Although the hemi-Fontan
operation facilitates completion of the lateral tunnel,
because only the “cavoatrial dam” needs to be
removed at the time of the Fontan operation, these
cavoatrial incisions expose the sinus node and sinus
node artery to injury.4,19 Concern has been raised that
the superior cavopulmonary connection in combina-
tion with the lateral tunnel Fontan further increases
the risk of sinus node dysfunction because of repeat-
ed dissection near the sinoatrial node and manipula-
tion of the atrium.8
We9 previously reported a 23% incidence of sinus node
dysfunction early after the staged lateral tunnel Fontan
that further increased in occurrence from the time of the
Fontan operation. In an attempt to avoid injury to the
sinoatrial node arterial supply, Douglas and colleagues20
further modified the hemi-Fontan procedure by “offset-
ting” the cavoatrial incision. In these patients, an incision
was made in the base of the right atrial appendage toward
the SVC, but avoided crossing the cavoatrial junction.
Although the prevalence of sinus rhythm on the immedi-
ate postoperative ECG improved with this modified tech-
nique, no difference was observed between the standard
and modified hemi-Fontan procedures by hospital dis-
charge. This is consistent with our observation of a
greater incidence of sinus node dysfunction on the first
postoperative day after the hemi-Fontan operation com-
pared with the bidirectional Glenn shunt, but without a
discernible difference by hospital discharge.
There is speculation that avoiding the sinus node
region altogether reduces the likelihood of sinus node
dysfunction developing. The bidirectional Glenn pro-
cedure and subsequent extracardiac conduit, so-called
“atrial no-touch surgery,” avoid exposing the right
atrium to elevated systemic venous pressure, surgery
near the sinus node, and limit the extensive atrial
suture lines and scarring commonly seen with the lat-
eral tunnel Fontan operation. Petrossian and col-
leagues10 retrospectively reported on 51 patients who
underwent an extracardiac Fontan operation.
Approximately 80% of these patients had a previous
bidirectional Glenn anastomosis and none had a hemi-
Fontan procedure. Transient sinus node dysfunction
developed in 8% of these patients in the early postop-
erative period after the extracardiac conduit. In a
slightly smaller retrospective study evaluating the
extracardiac conduit Fontan procedure in 16 patients,
Shirai and coworkers21 found that 44% had sinus node
dysfunction on ambulatory monitors. Both studies
were retrospective and did not have a contemporane-
ous group of patients undergoing a hemi-Fontan/later-
al tunnel Fontan operation for comparison.
In addition to the similar prevalence of early sinus
node dysfunction, the surgical groups in this study
were quite similar in their operative and postoperative
courses. We observed no significant difference in the
length of hospitalization, duration of effusions, or
perioperative hemodynamics with either staged
Fontan procedure. The mortality after the superior
cavopulmonary anastomosis was 2.3% and after the
Fontan operation, 1.3%. In addition, no early differ-
ence was found in the incidence of postoperative tach-
yarrhythmias between the surgical groups. In fact, the
1 patient in whom atrial flutter developed within the
first 30 days of the Fontan operation had undergone
an initial bidirectional Glenn shunt and subsequent
extracardiac conduit. 
Study limitations. Factors such as details of cannu-
lation, cardiopulmonary bypass, myocardial protection,
atrial suture lines, manipulation of the cavae, or other
unidentified etiologies may explain the similar early
incidence of sinus node dysfunction between the two
staged Fontan techniques, but these were not addressed
with this study design. Too few patients underwent a
nonstaged Fontan operation during this time period to
make a comparative analysis meaningful. 
Conclusions
In this prospective cohort study, avoidance of surgery
near the sinus node had no discernible effect on the
development of early sinus node dysfunction. Thus,
concerns about early sinus node dysfunction should not
override patient anatomy or surgeon preference as
determinants of which superior cavopulmonary anasto-
mosis and Fontan procedure to perform. A longer dura-
tion of follow-up with exercise testing to assess
chronotropic competence is clearly indicated in these
patients, as one surgical staging approach may prove
more beneficial and reduce the long-term incidence of
sinus node dysfunction and atrial arrhythmias. 
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Discussion
Dr Peter Manning (Cincinnati, Ohio). Studying postop-
erative complications after Fontan reconstruction has been a
notoriously difficult endeavor. Most of the significant com-
plications are noted to increase in frequency with prolonged
follow-up or may not be noted at all until the late follow-up
period. By the time we evaluate how they relate to our sur-
gical techniques, our methods have typically changed. We
are faced with the challenge of studying a constantly mov-
ing target. 
This study has a number of exceptional strengths. The
authors have clearly defined what they are calling sinus node
dysfunction and have collected their data prospectively. The
patients fell into two fairly discrete management pathways,
although I am unsure how they were chosen for these path-
ways. Were they randomized or was this a change in practice
over time? 
The authors also were able to enroll a fairly large number
of patients over a fairly short period. As the incidence of
problems has been widely documented to increase with the
duration of follow-up, the short-term nature of the study, as
the authors mentioned, is certainly a limitation; however,
other studies have shown that early sinus node dysfunction is
in fact a predictor of late rhythm problems. 
Although this study does represent the two currently most
commonly followed methods for staged Fontan reconstruction,
other techniques are also frequently used. In the study that the
authors cited from Children’s Hospital in Boston, in which I
was involved, most patients underwent an initial bidirectional
Glenn shunt followed by a lateral tunnel procedure. This is a
different scheme from that which their group studied, and I
believe it exposes the sinus node to a greater degree of injury
at the time of Fontan completion than either strategy that the
authors used, due to the need to create an anastomosis between
the roof of the atrium and the pulmonary artery. 
The authors seem to conclude that techniques avoiding
trauma to the sinus node area do not influence the develop-
ment of sinus node dysfunction. However, I conclude that
they have achieved fairly exemplary, yet similar, results using
two techniques, both of which try to limit the dissection and
injury to the sinus node, albeit one more other than the other,
at the intermediate stage. The incidence of early sinus node
dysfunction with either of these methods was half of what we
reported using the sequence of bidirectional Glenn shunting
followed by a lateral tunnel reconstruction. 
I have three questions for the authors. 
I noted that the rate of sinus node dysfunction in the group
undergoing hemi-Fontan after lateral tunnel completion was
quite a bit lower than that of the similarly managed group that
you had previously reported. That group of patients was simi-
larly managed, but from a period 5 years preceding the current
study. How do you explain that apparent difference in the inci-
dence? Was there a modification in the surgical technique? 
Do you believe that despite the best surgical efforts we
must accept a certain incidence of sinus node dysfunction in
this patient population? Furthermore, do you believe that fac-
tors other than surgical trauma influence the development of
this complication? 
Third, have you been able to study the physiologic
impact of sinus node dysfunction in the palliated single
ventricle physiology, or have you any recommendations
regarding the indications for considering permanent pacing
in these children? 
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Dr Cohen. Dr Manning, thank you for your comments. 
To address the first comment, the patients were not ran-
domized. We have 4 surgeons at our institution and the deci-
sion of which cavopulmonary connection to perform was
essentially at their discretion. However, patients with hetero-
taxy syndrome with anomalies of the IVC and SVC were
more likely to have a bidirectional Glenn and extracardiac
conduit Fontan operation.
I will now address the remaining questions at the end of
your discussion. The difference in sinus node dysfunction
between this current study and the report that we published a
few years ago is not due to a change in the surgical technique,
but in the way in which we have progressed to evaluating
sinus node function. The initial study was a retrospective
study in which very often the perioperative rhythm was only
assessed on the first postoperative day. Patients did not have
discharge ambulatory Holter monitors. I believe a fair num-
ber of children are in junctional rhythm on their first postop-
erative day, but subsequently return to sinus rhythm when
they are evaluated 5 days later with a Holter monitor.
In answer to the second question, I believe that the etiolo-
gy of sinus node dysfunction is more than simple injury to the
sinus node artery at the time of the cavoatrial incision. If it
were something that simple, then all of the patients in our
hemi-Fontan group, at least the way it is performed at our
institution, should have sinus node dysfunction. Clearly, nei-
ther this current study nor our previous article supports that
observation. The cause of sinus node dysfunction in this
patient population may relate to injury to the sinus node
artery, sinus node nerve, disruption in autonomic input,
suture lines, scarring, or it may be that sinus node dysfunc-
tion is intrinsic to patients with single ventricles. Further
work regarding the etiology of sinus node dysfunction is
needed. 
With regard to the last question, there has been discussion
at our institution about placing atrial pacemakers at the time
of the Fontan operation to prevent any bradycardia. From an
electrophysiology standpoint, these patients are at risk for the
development of atrial flutter. The presence of bradycardia in
the face of conduction barriers caused by suture lines and
scarring may allow premature atrial beats to initiate intra-atri-
al re-entrant tachycardia. There is some speculation that if
bradycardia is prevented, the late incidence of atrial flutter
may be reduced. 
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Datascope Makes Major Gift
The Thoracic Surgery Foundation is most pleased to announce that Datascope Corporation recently pledged
$1 million toward the $3.75 million in matching funds needed for The Foundation to secure a $5 million grant
from the National Heart, Lung, and Blood Institute. These funds will be used to support the jointly sponsored
TSFRE and NHLBI Mentored Clinical Scientist Development Award Program. The ten-year program is
designed to develop outstanding cardiothoracic surgeon-scientists.
Datascope’s gift to The Thoracic Surgery Foundation is a very important step forward in the TSFRE’s efforts
to secure the NHLBI funds. In 1999, the von Liebig Foundation also agreed to support The Foundation in this
initiative if The Foundation could find other partners, such as Datascope, to commit to the matching funds.
The Foundation in extremely grateful to Datascope and to Mr Lawrence Saper, President and CEO of
Datascope, for this very generous support.
